Carbohydrates provide the major source of energy in the diet and hence the type and amount of carbohydrate consumed is an important consideration for weight control. Recent risk assessments have shown that there is no consistent association between the proportions of energy consumed as carbohydrate and body weight and reinforce the dominance of total energy intake as the primary determinant of body weight. However, they have highlighted evidence that different types of carbohydrate have specific effects on the risk of obesity. Short-term experimental studies suggest that some types of dietary fibre may be linked to increased satiation and cohort studies are supportive of an association between low intakes of fibre-rich, whole-grain foods and weight gain. But these observations are not supported by evidence of effects on body weight in randomised controlled trials, suggesting that high-fibre or whole-grain intake may simply be a marker of a broader dietary pattern. Recent attention has focused on the growing evidence of a positive association between the intake of free sugars and weight gain and particularly the risks linked to consumption of sugar-sweetened beverages (SSB). Given the high population-level intake of free sugars the challenge is to identify actions that will successfully reduce consumption to contribute to reductions in the prevalence of obesity. The present paper considers the range of policy options available, using the Nuffield ladder of intervention to provide a framework for risk management, with a focus on the consumption of SSB. Current policy interventions are largely based around consumer education and encouragement to industry to renovate products to reduce the sugar content of food and drinks and/or reduce portion size, but dietary change has been slow. Further measures, including the use of specific incentives/disincentives may be needed to change consumption patterns, some of which may infringe personal or commercial freedom. For these policies to be implemented will require sustained efforts to create a climate in which such interventions are acceptable or even welcomed by society as an appropriate protection against obesity and other diet-related ill-health.
Carbohydrates in the form of cereals, grains and sugar are quantitatively the most important source of dietary energy for most populations. In the UK, mean intakes of total carbohydrate represent 52 % dietary energy in children and 46 % in adults (1) . In recent decades, as the prevalence of obesity has increased, there has been growing interest in whether the source of energy in the diet constitutes a specific risk factor for obesity. There are potential differences in the risk of weight gain associated with the different subtypes of carbohydrate or specific carbohydrate-rich foods, either as a consequence of differences in the bioavailability on energy or the impact on post-meal appetite control.
Assessing the risk
Recent reviews conducted as part of the work of the WHO (2) and the Scientific Advisory Committee on Nutrition (SACN) have considered the relationship
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between various sources of carbohydrates and energy intake, weight gain or the risk of obesity. The headline findings that are most relevant for considerations of dietary recommendations are summarised below.
Total carbohydrate
Assessing the relationship between total carbohydrate and body weight is complex because of the need to differentiate between the types of carbohydrate and account for substitution effects with other dietary constituents. Also, many studies that involve decreases in carbohydrate intake are just one part of broader weight loss interventions. Overall, a series of meta-analyses conducted for the SACN review found inconsistent evidence of the relationship between total carbohydrate and measures of weight status or obesity risk (3) . However, there is some limited evidence that a hypo-energetic diet with a higher proportion of carbohydrate and lower proportion of fat may be an effective intervention for weight loss in adults (3) .
Dietary fibre
Mean intakes of dietary fibre in the UK, expressed as NSP are 14 g/d for adults, compared with a Dietary Reference Value of 18 g/d (1) . Intakes in children are also significantly lower than recommended. In an earlier WHO review on diet and the prevention of obesity in 2003, there was considered to be convincing evidence of an association between NSP and reduced risk (4) . This was based on mechanistic evidence of the links between dietary fibre, and increased satiety and satiation, observational data and short-term experimental studies (5) . However, more recent reviews for the draft SACN report on carbohydrates and health identified just five cohort studies in adults which met their stringent criteria and a meta-analysis found no consistent association with body weight change (3) . In six dietary intervention studies in adults, where changes in fibre intake were achieved through food and not supplements, there was no significant effect on energy intake (6) (7) (8) (9) (10) (11) . There are no trials to examine the effects of increases in dietary fibre using food and not supplements on weight change or risk of obesity over periods of 1 year or more.
Wholegrain
Wholegrains have been recently defined by an international consortium as consisting of the intact ground, cracked or flaked kernel after the removal of inedible parts such as hull and husk, where the principal anatomical components (the starchy endosperm, germ and bran) are present in the same relative proportions as they exist in the intact kernel and allowing for very small losses during preparation (12) . There is no reference value for whole grain intake in the UK, although the mean intake of 14 g/d for adults is substantially below the US recommendation of 64 g/d, based on 3 × 16 g servings per d (13) . Cohort studies are broadly supportive of an association between higher whole grain intake and lower weight gain, although this is attenuated after adjustment for dietary fibre and other potential confounders (14, 15) . However, there are only three trials that have examined the impact of substituting refined carbohydrate with wholegrain on energy intake (8, 10, 16) which collectively suggest a modest benefit. The largest of these studies, the Women's Health Initiative (16) , was a complex multicomponent intervention. There was a small but significant increase of one-third of a serving of whole-grain per d, relative to the control group, from 1·1 to 1·4 servings, but the impact of the intervention on energy intake may reflect other components of the intervention, including decreases in dietary fat and increases in fruit and vegetable consumption. A 16-week highly controlled intervention which specifically substituted refined grain for whole grain products and did not include other dietary changes, found no difference in body weight between groups (17) . There are no trials over periods of more than 1 year reporting on weight change. Accordingly there is insufficient evidence to suggest a benefit of increases in whole grain foods to specifically control body weight, although they may contribute to broader improvements in diet quality.
Sugars
Sugars occur in the diet both as a natural component in foods such as fruit and dairy products, but are also added to a wide range of other foods and drinks. In the UK, the mean intake of total sugars for adults and children over 4 years is close to 100 g/d (1) . Over half of this is from nonmilk extrinsic sugars (NMES). Consumption of NMES in different age groups ranges from a mean of 11·2 % in adults over 65 years and 11·9 % in children 1·5-4 years, to highs of 15·4 % in 11-18 years old (1) , but all age groups exceed the recommended maximum of 10 % energy from NMES. Intake of NMES is numerically close to the proportion of 'free sugars', defined by WHO as sugars added to foods by the manufacturer, cook or consumer, plus sugars naturally present in honey, syrups, fruit juices and fruit concentrates. Systematic reviews conducted for the SACN report on carbohydrates and health have shown that as the contribution of sugar in the diet increases, energy intake also increases (3) . The most robust data come from dietary intervention studies. A meta-analysis of seven trials in adults found that diets higher in sugars were associated with higher energy intakes (1274 (95 % CI 889, 1660) kJ/d; P = <0·001; 304 (95 % CI 212, 397) kcal/d) over periods of 4 weeks to 6 months (3) . The review conducted for the draft WHO guideline report on sugars specifically considered the relationship between free sugars and the risk of obesity (2) . From a total of sixteen cohort studies identified among adults, eleven studies reported one or more positive associations between some measure of the intake of free sugars and the risk of obesity or increased adiposity. Only one study reported a significant negative association. Among children, twenty-three cohort studies were identified of which fourteen reported a positive association between increased consumption of sugar-sweetened beverages (SSB) and obesity and a further study showing a positive association with free sugars. Only four studies found a negative association (18) . However, more robust data come from dietary intervention studies in both adults and children. Ten studies in adults showed that increases in free sugars were associated with significantly higher weight than the control group (+0·75 (95 % CI 0·30, −1·19) kg; P = 0·001) with a clear association between the magnitude of the increase in sugars intake and weight increase (18) . Conversely, in five studies in adults that involved decreasing intake of free sugars, over periods ranging from 10 weeks to 8 months, there was a significantly lower weight reported at the end of the trial compared with the control arms (−0·80 (95 % CI −1·21, −0·39) kg; P = 0·001).
There have been numerous meta-analyses of both cohort studies and trials specifically reporting the effect of SSB on body weight. The most up-to-date analysis of cohorts, based on fifteen studies in children and seven in adults reported an increase of one serving per d of SSB was associated with a 0·06 (95 % CI 0·02, 0·10) unit increase in BMI in children and 0·22 (95 % CI 0·09, 0·34) kg weight gain in adults over 1 year (19) . In a meta-analysis of five intervention studies to reduce SSB in children, there was a −0·17 (95 % CI −0·39, 0·05) reduction in BMI gain (19) . The present trial data are supported by experimental evidence showing the poor satiating properties of energy consumed as liquid, relative to isoenergetic solid foods (20) . Collectively, the evidence makes a powerful case for specific recommendations to limit consumption of these beverages.
Accordingly, the balance of evidence supports the notion that the intake of free sugars, especially SSB, presents a risk for weight gain broadly in proportion to the magnitude of consumption. This, together with wider evidence pertaining to the risk of diabetes and oral health considerations, have led to draft guidance from WHO that proposes sugar intake be limited to a maximum of 10 % energy intake and that a reduction to <5 % dietary energy from sugar would have additional benefits (2) . Draft recommendations from the SACN suggest a population maximum intake for the UK of 10 %, with an average population recommendation of 5 % dietary energy from free sugar (3) .
Managing the risk
Reviews of the evidence linking carbohydrates to health outcomes, together with surveillance data on intake, inform the strategy for risk management. Although intakes of fibre in the UK are lower than recommended, and increases in whole grain intake may be a useful strategy to increase fibre, the risk assessment does not warrant action on either of these components of the diet specifically to tackle obesity. However, the clear association between free sugars and increased energy intake or weight gain identifies a reduction in sugar intake as a key component of a wider strategy to reduce the prevalence of obesity. In the UK, among all age groups, beverages, including soft drinks, fruit juice and alcoholic drinks, typically provide about one-third of the free sugar in the diet with additional substantive contributions from cakes, biscuits, confectionery, preserves, breakfast cereals, yoghurts and other dairy-based desserts (1) . Although the individual contribution of each varies by age-group, these food groups account for about 80 % of the free sugars in the diet and form the principal targets for action.
Advice to reduce sugar intake to meet the present recommendation of no more than 10 % dietary energy has been a component of standard information to achieve a balanced diet for many years. Despite this, there has been little change in intake. For example, among adults (age 19-64 years) the proportion of dietary energy obtained from sugar has only decreased from 12·3 % in 2000-2001 to 11·5 % in the latest 2008-2012 survey (1) . Accordingly, if the draft recommendations from WHO and SACN are pursued, it will be necessary to consider a broader and potentially more innovative range of strategies to further restrict intake of sugars.
Traditional health promotion efforts have relied heavily on the provision of education and information. This focuses on the actions of individuals to alter their personal dietary choices. However, it is now increasingly recognised that the impact of individual-level behaviour change interventions is limited. Moreover, it risks exacerbating inequalities since the ability to enact the changes may require higher levels of executive functioning. So, while social marketing campaigns or advice from health professionals and other practitioners may be a useful component of risk management, especially for those who need additional support, action is also required to change elements in the wider environment which can encourage or enable individuals to modify their food intake, often without conscious decision-making (21) . This leads to a much wider range of policy options. However, some actions that have been proposed risk infringing the freedom of individuals to make unfettered choices, and in a democracy, must be accompanied by public acceptability for such interventions. This is likely to require stronger evidence that it will achieve the desired outcome.
To address these competing interests the Nuffield Council set out a framework in which to contemplate the range of options available for intervention (22) . It attempts to balance the magnitude of the risk against the potential for the infringement of personal autonomy.
Population-level options to reduce free sugars
The Nuffield ladder of interventions can be used to consider a range of options which might theoretically be deployed to reduce the intake of free sugars (21) . To achieve proportionality, the goal is to remain as close as possible to the lower rungs of the ladder while ensuring effective action. However, in practice, there is likely to be a portfolio of options deployed, to reach different subgroups of the population or in different settings.
Step 1. Do nothing or monitor the current situation. The UK is fortunate to have an extensive range of surveillance data on dietary intake and population health, particularly the National Diet and Nutrition Survey which provides detailed individual-level measures (1) . Over many years, this survey has documented the high level of consumption of NMES and it provides important information to inform the risk assessment. Related media coverage might make a contribution to public awareness that the intake of sugar exceeds recommendations.
Step 2. Provide information. Limiting the intake of sugar-rich foods has been a core component of healthy eating advice in the UK, as depicted in the EatWell plate (http://www.nhs.uk/Livewell/Goodfood/Documents/ Eatwellplate.pdf).
More recently there has been a specific focus on the need to reduce the intake of SSB as evidence has emerged on the specific links to obesity. Social marketing campaigns such as Change4Life have specifically conveyed information on the sugar content of these drinks and advice to swap to low-sugar alternatives, such as water, non-nutritively sweetened beverages or low-fat milks. Observational data suggest a 8·6 % reduction in purchases of SSB in January 2014, coinciding with a peak of the Change4Life campaign messaging compared with the previous year and after adjusting for longer-term trends, which provides supporting evidence of a small positive impact of information provision (23) .
Step 3. Enable choice. In recent decades, there has been a marked expansion in the dietary choices available to consumers with multiple variants of similar products designed to appeal to particular segments of the market. In the case of drinks, the growth of low-and no-sugar options has been remarkable and, according to the British Soft drinks Association, these products now account for 61 % of sales of soft drinks in the UK (British Soft Drinks Association, personal communication). However, beyond the drinks category, the availability of lower sugar variants has yet to reach the scale of lower salt options. The recent licensing of Stevia (a natural plant extract which provides intense sweetness) for use in Europe may herald new developments in a wider range of food and drink categories. However, the provision of greater choices for consumers must be accompanied by interventions to encourage and enable individuals to shift their consumption patterns to favour the lower sugar options. To date, the uptake of these alternative low/no-sugar products has been limited by a small but significant body of public anxiety about the safety of a number of non-nutritive sweeteners such as aspartame.
Step 4. Guide choices through changing the default policy. The middle of the Nuffield ladder emphasises the use of choice architecture (so called 'nudge') interventions. These actions involve changes in the microenvironment to cue behaviours associated with a healthier diet, typically with minimal conscious engagement (24) . The UK has had a concerted strategy since 2004 to reduce salt intakes through the reformulation of key food products (25) . In most cases, rather than offering a specific lower salt option, the composition of the core product has been changed over time towards healthier eating targets. Similar principles are now being applied to reduce sugar, effectively changing the default. This differs from simply increasing the choice available to consumers because it does not rely on an active decision by individuals to choose a different product. Instead the change is made at point of production, effectively ensuring the intervention reaches the whole population.
Step 5. Guide choices though incentives. As the market for no/low-sugar options increases, specific efforts may be required to incentivise change. Since many food and drink choices are automatic decisions, specific action is required to break the automatic selection process (21) . A clear example is the use of price discounts to encourage selection of the healthier choice; however, there is little information in the public domain on the magnitude of the price differential required to motivate change, nor on the economic sustainability of this approach. Other options that do not deploy fiscal incentives are beginning to emerge. For example, a recent announcement by drinks companies and cinema chains to alter drinks fountains to include a higher proportion of no/low-sugar options and to train staff to actively offer the lower sugar option as the default drink choice. Evidence of the effectiveness of this initiative is not yet available.
Step 6. Guide choices through disincentives. The possibility of introducing health-related taxes on food and drink to promote healthier choices has received considerable attention in recent years (26) . The possibility of a tax on SSB probably offers the most practical opportunity given the category can be easily defined and is a noncore, discretionary component of the diet. Unlike some other possible options, there is a clear alternative available to consumers in the form of no-sugar drinks and such a tax is unlikely to be regressive (27) . The debate centres on two elements: will a tax be effective and will a tax be publicly acceptable? (28) . The effectiveness of economic interventions to change behaviour relies heavily on modelling studies (29) . These analyses usually demonstrate a positive impact on consumption but with considerable uncertainty in the effect size which is heavily dependent on the assumptions of the model. Although small taxes have been deployed in some states in the USA and in some countries in Europe e.g. France and Hungary, the evaluation of the impact on consumption is patchy and weak. In an era of evidence-based policy making the status of the evidence has become a barrier to the implementation of this type of intervention. Moreover, public acceptability for any form of additional tax is limited. The UK government was forced to overturn an attempt to introduce a general sales tax on hot takeaway food and, even in the specific context of health-related taxation, studies have shown a clear public preference for initiatives based on education or choice architecture interventions, over taxation (30) .
Step 7. Restrict choice. The higher steps on the Nuffield ladder reflect much more paternalistic interventions which overtly infringe personal autonomy. In the case of food, such interventions have to date, only been applied in very specific settings such as schools, where the duty of care is well established and accepted, especially for children.
The school food standards in England provide a striking example of the use of restrictions to shift consumption patterns (31) . In the case of sugar, the standards specifically prevent the sale in state-funded schools of most SSB, confectionery and chocolate. Similar standards exist for pre-school settings, but are not mandated. No such rigorous standards apply for other public institutions, even where the state is largely responsible for food provision, but represent a clear opportunity for intervention. Other restrictions on choice could include imposing bans on food and drink in specific places e.g. public transport. Such interventions would be critically dependent on public acceptability since they overtly infringe personal choice.
Step 8. Eliminate choice. The final step of the ladder would probably require a high standard of evidence showing causal links between a product and adverse outcomes and evidence of the likely effectiveness of the policy. However, even in the case of tobacco, where the health impact is much greater and far more widereaching and stringent policy measures are already in place, smoking bans involving the complete elimination of choice, are only deployed in very specific settings.
Summary
Policy makers are in the unenviable position of being criticised if they intervene without strong evidence of likely success, yet denigrated if they fail to take adequate steps to protect public health. Policy decisions must be based on evidence, but in the case of sugar, the evidence for effective interventions to reduce intake and decrease the prevalence of obesity is neither complete nor perfect. The art of policy-making, which commands public respect and drives sustainable change, lies in a proportionate response that strikes a balance between the strength of evidence available against the appropriate and acceptable degree of infringement of personal choice and/or commercial freedom. The rate of policy development with respect to controls on tobacco is symptomatic of the relatively slow pace of change in public opinion that may lag many years behind scientific evidence. Moreover, the causal linkage between sugar, or even SSB, and obesity is far weaker than the association between smoking and disease because of the inherent complexity of the diet and the multi-factorial nature of weight gain.
However, in the last few years there has been a considerable strengthening in the evidence that SSB represent a specific risk factor for obesity and, given other adverse health consequences, especially on oral health, there is a widespread scientific acceptance of the case for more stringent action than hitherto. There is a clear need to build public understanding of the risks of diets high in sugar and the options for intervention. The importance of information provision to raise awareness, inform consumers of the health risks of obesity and to advise on ways to reduce intake of sugar will continue to be an important component. In isolation, these may be of limited effectiveness in driving change but are important to influence public opinion in support of other policy interventions. Without public acceptance, new initiatives to encourage and enable lower sugar choices, particularly the switch to no/low-sugar beverages, will be ignored, given low priority or become difficult to enforce. In many countries, the introduction of seat-belt regulations or bans on smoking in public places have each been underpinned by sustained social marketing campaigns which have created the public climate in which political intervention is acceptable or even demanded.
The challenge for scientists is to move beyond classic risk assessment and to better define the effective policy options, particularly in the area of choice architecture interventions and harder policy options where evidence is currently scant. However, the slow pace of change to date suggests that there is also a need, through efforts to build public understanding and trust, to develop a social movement which tolerates or actively welcomes the introduction of stronger policy measures to improve diet which may need to curb the freedom of businesses to sell and individuals to purchase some of the products they currently consume. 
